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abstract. A comparison of species richness at 51 coastal and estuarine 
sites in southern Maine is given, encompassing the area from Cape Neddick, 
York, to Fort Foster, Kittery, and including the Brave Boat Harbor salt marsh 
(York/Kittery). A total of 148 taxa was recorded, which is relatively high 
compared to other coastal or estuarine areas in northern New England. Sea¬ 
weed populations exhibited three major distributional patterns: coastal (41%), 
coastal-estuarine (51%), and estuarine (8%). Perennial species dominated 
open coastal and outer estuarine locations, while annuals were most conspic¬ 
uous at inner estuarine sites. Twenty-nine taxa were restricted to a single site 
(2% occurrence), whereas 19 were found at 21—36 sites (41—71% occurrence). 
Diversity in Brave Boat Harbor's main tidal channel was relatively high (83 
species), presumably because of coastal and estuarine influences, diversity of 
habitats, and limited anthropogenic impacts. Six new or uncommon seaweeds 
were recorded from Brave Boat Harbor, including the invasive green alga 
Codiurn fragile subsp. tomentosoides . the green algal epiphyte Urospora cur- 
vata , the tubular opportunistic brown alga Melanosiphon intestinalis , the en¬ 
tangled or partially embedded ecads Fucus vesicidosus ecad volubilis and F. 
spiralis ecad lutarius , and a dwarf embedded moss or “muscoides-like" Fu¬ 
cus. The prolific growth of psammophytic populations of F. spiralis on sandy 
bluffs at Brave Boat Harbor is also unique, as it typically grows on hard 
substrata within contiguous muddy estuaries. It was most abundant in the 
outer third of the Harbor, along with its detached ecad lutarius. Ascophyllum 
nodosum ecad scorpioides and F. vesicidosus ecad volubilis grew commonly 
as detached or buried populations in the interior parts of the Harbor, while 
the “muscoides-like" Fucus was found on outer high sandy marsh surfaces. 





R hod ora 


Vol. 103 


Kev Words: 

J 


seaweeds, ecology. Brave Boat I larbor salt marsh, nearshore 
open coast, southern Maine. 


Salt marshes in Maine are rather limited in both occurrence 
and areal coverage (Jacobson and Jacobson 1989; Jacobson et al. 
1987). No major tidal wetlands occur within two of the state's 
largest embayments. Cobscook Bay in extreme eastern Washing¬ 
ton County (an extension ot the Bay ol Fundy with wide-ranging 
tidal amplitudes and swift currents) and the sheltered Penobscot 
Bay region ot Hancock, Waldo, and Knox Counties. Small, mar¬ 
ginal tidal marshes occur from midcoastal Lincoln and Sagadahoc 
Counties to Casco Bay (Cumberland County). Further south, 
broad expanses ot tidal wetlands in Scarborough, Wells, York, 
and Kittery are comparable to those of the Great Bay Estuary 
System ot Maine and New Hampshire, the Hampton-Seabrook 
marsh in New Hampshire, and many large marshlands extending 
from the Merrimack and Parker Rivers to Cape Cod, Massachu¬ 
setts. 

As noted by Mann (1982), estuarine seaweeds play a variety 
ot functional roles in northern salt marshes, including primary 
production, provision of critical habitat for numerous organisms, 
and production of abundant organic matter via detrital cycles. 
Although these roles are generally understood, there are tew de¬ 
tailed assessments of seaweed communities in Maine salt marsh¬ 
es, except lor lloristic descriptions of the York River Estuary 
(Mathieson et al. 1993) and inner riverine sections of the Great 
Bay Estuary System, including the Piscataqua and Salmon Falls 

Rivers (Mathieson anti Hchre 1986; Mathieson and Penniman 
1991 ). 

The present study is intended to characterize the species com¬ 
position and variability (i.e., spatially and temporally) of estuarine 
and nearshore open coastal seaweed populations between Cape 
Neddick, York, and Fort Foster, Kittery, Maine (Figures 1—3). 
including those ol Brave Boat Harbor (hereafter designated as 
BBH). The latter site represents one of three major estuaries with¬ 
in this area, including, from north to south (Figures I and 2), the 
York River (Maine), BBH (Maine), and the Piscataqua River 
(Maine and New Hampshire). The Harbor is located in the town¬ 
ships oi York and Kittery, Maine, and is partly owned by the 
National Wildlife Federation/U.S. Fish and Wildlife Service with- 
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Figure 1. The coastline of northern New England between southern 
Maine and northern Massachusetts, showing diverse coastal and estuarine 
habitats. 


in its Rachel Carson Wildlife Reserve (ca. 162 ha). It has a rich 
human history dating back to at least 1645, when sections of the 
marsh were alloted to residents for fodder and the rearing of cattle 
(archives, Kittery Historical Society). Records from the early 
1700s detail the geography of BBH and its interrelationship with 
Gerrish Island, Cutts Island, Chauncey Creek, and the Kittery 
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F igure 2. Southern Maine and New Hampshire coastlines, showing the 
location ot coastal and estuarine habitats. See Appendix for abbreviations. 


Point mainland (Figures 2 and 3). Both islands and Chauncey 
Creek are named tor original settlers (cf. Samuel Drake's travel 
memoirs, archives, Kittery Historical Society). 

The goals of our study were three-fold: (1) to compare the 
number and types of seaweeds from six coastal and estuarine 
habitats (Figures 2 and 3), including the BBH area of York/Kit- 
tery, Maine; (2) to provide a detailed lioristic baseline that would 
aid in future conservation of these valuable habitats; (3) to com¬ 
pare distributional and floristic patterns in BBH with other estu¬ 
aries within northern New England. 
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Figure 3. The twenty-one estuarine study sites along the main channel of 
Brave Boat Harbor (BBH), plus 23 other sites within four contiguous tidal 
tributaries. The dashed lines at letters “A” and “B” indicate the locations of 
road crossings and culvert at tributaries #1 and #4, respectively, while letter 
“C” designates the approximate delineation of town boundaries between 
York and Kittery. 


MATERIALS AND METHODS 

Seasonal collections were made at 51 sites in southern Maine 
(Figures 2 and 3; Appendix): seven nearshore open coastal lo¬ 
cations between Cape Neddick, York (43°09.93'N, 70°35.41'W), 
and Fort Foster, Kittery, on the outermost Piscataqua River 
(43°04.0'N, 70°41.77'W); 21 estuarine sites along the main chan¬ 
nel of BBH, York/Kittery (43°06.0'N, 70°39.33'W); 23 additional 
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estuarine sites in four contiguous tidal tributaries of BBH and 
connected salt marshes (Figure 3). Descriptions of each site, in¬ 
cluding location, habitats, and substrata, are given in the Appen¬ 
dix. Periodic sampling of coastal populations was conducted be¬ 
tween 1965—1985 (cl. Mathieson and Hehre 1986), while addi¬ 
tional seasonal sampling of these and various BBH sites was done 
between 1997—1999. 

Methods of collection and identification are similar to those of 
Mathieson et al. (1998), with seasonal collections of all conspic¬ 
uous seaweeds from diverse intertidal (on foot) and shallow sub- 
tidal habitats (by SCUBA). Samples were returned (within one 
hour after being collected) to the Jackson Estuarine Laboratory, 
where they were identified and prepared as voucher specimens. 
The following taxonomic references were utilized: Adey and 
Adey 1973; Bird and McLachlan 1992; Blair 1983; Bliding 1963, 
1968; Blomster et al. 1999; Burrows 1991; Dixon and Irvine 
1977; IXiwel and Wegeberg 1996; Fallow 1881; Fletcher 1987; 
Harper and Saunders, 2000; Hoek 1963, 1982; Irvine 1983; Irvine 
and Chamberlain 1994; Kingsbury 1969; Maggs and Hommer- 
sand 1993; Schneider and Searles 1991; Sears 1998; Silva et al. 
1996; Taylor 1957; Villalard-Bohnsack 1995; Webber and Wilce 
1971; Woelkerling 1973; Wynne and Heine 1992). The nomen¬ 
clature employed primarily follows South and Tittley (1986), ex¬ 
cept for recent changes noted by Sears (1998) and Silva ct al. 
(1996). Approximately 3500 voucher specimens documenting 
these studies have been deposited in the Albion R. Hodgdon Her¬ 
barium at the University of New Hampshire (nha). 

Several Holistic comparisons have been made: (1) a compila¬ 
tion of species composition and number of taxa at each site; (2) 
an enumeration of percentage and mean number of total taxa for 
each of the six major coastal and estuarine habitats; (3) a sum¬ 
mary of intraspecific patterns for total taxa in each habitat (e.g., 
the number of taxa at 21 BBH sites); (4) an assessment of number 
and percentage of shared taxa for each major habitat. Percent 
similarity values <C) were determined using 
efficient (Bray and Curtis 1957): 



canowski’s co- 


C 


2W 


a + b 


where "a" is the number of taxa at the first site, “b" is the 
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number at the second site, and “W” is the number of taxa in 


were enumerated according to the 


common to both. 

Longevity characteristics 
scheme outlined by Knight and Parke (1931), with taxa desig¬ 
nated as annuals (ascasonal or seasonal), perennials, or pseudo- 
perennials, depending upon their life span, growth, and repro¬ 
ductive characteristics (Mathieson 1989). Delineations were 
based upon field studies throughout New England (Coleman and 
Mathieson 1975; Femino and Mathieson 1980; Hehre and Ma¬ 
thieson 1970; Hehre et al. 1970; Lamb and Zimmerman 1964; 
Mathieson 1979; Mathieson and Hehre 1982, 1983, 1986; Ma¬ 
thieson et al. 1993, 1996, 1998; Mathieson, Hehre and Reynolds 
1981; Mathieson and Penniman 1986a, 1986b, 1991; Mathieson, 
Reynolds and Hehre 1981; Reynolds and Mathieson 1975; Sears 
and Wilce 1975; Stone et al. 1970; Webber and Wilce 1971). The 

number and percentage of annual and perennial taxa at each of 
the six major habitats were enumerated. 

We compared the mean number of taxa per site in the BBH 
area and thirteen other estuaries between the York River in Maine 
and the Merrimack River in Massachusetts (Figure 1). The lo¬ 


cation, number of collecting sites, and extent of tidal limits for 
the BBH area are summarized in the Appendix. Similar data, 
based upon previous publications (Mathieson and Fralick 1972, 
1973; Mathieson and Hehre 1986; Mathieson et al. 1993), is giv¬ 
en below for the other estuarine habitats: York River, ME, 20 
sites and 0—7.5 km; Piscataqua River, NH and ME, 59 sites and 
0—19.4 km; Little Bay, NH, 21 sites and 13.8—19.8 km; Great 
Bay, NH, 16 sites and 20.6—25.1 km; Bellamy River, NH, 10 sites 
and 16.6—22.9 km; Cocheco River, NH, 17 sites and 20.2—25.3 
km; Lamprey River. NH, 9 sites and 25.3—28.0 km; Oyster River, 
NH, 14 sites and 18.4—22.7 km; Salmon Falls River, NH and ME, 
16 sites and 20—26.4 km; Squamscott River, NH, 16 sites and 
25.9-36.3 km; Winnicut River, NH, 4 sites and 25.4-27.7 km; 
Hampton-Seabrook Estuary, NH, 49 sites and 0.6—5.9 km; the 


Merrimack River Estuarv. MA 


13.7 km. 


Seasonal measurements of surface water temperatures and sa¬ 
linities were recorded at seven sites in the main channel of BBH 
(Figure 3), extending from the mouth (site #1, 0.1 km inland) to 
tidal headwaters near Brave Boat Harbor Road (site #19, 1.6 km 
inland). This was accomplished using a hand-held thermometer 
and refractometer, with an accuracy of 0.1°C and 0.5%e, respec- 
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tively. Analogous sampling was done at seven sites along tribu¬ 
tary #1, which delineates Cutts Island and has "coastal environ¬ 
ments” at both ends (Figure 3; Appendix). Site #la is located 
0.53 and 4.2 km from the Harbor's mouth and open coast near 
Sewards Cove, respectively, while #lj is 2.0 and 2.7 km from the 
same geographical locations. Most sampling was done at pre¬ 
dicted low tides (Anonymous 1996), proceeding from outer to 
inner areas relative to the Harbor's mouth. 


HABITAT DESCRIPTION AND ECOLOGY 


The coastline between Cape Neddick, Maine, and Portsmouth 
Harbor, New Hampshire (Figure 2). has many geological and to¬ 
pographical features in common. These include the presence of 
scattered offshore islands (Boon Island and Isles of Shoals), broad 
arcuate bays, large rocky headlands, and scattered sandy barrier 
beaches in front of extensive salt marshes (cf. Mathieson and 
Hehre l u 86). The terrain is relatively flat compared with coastal 
regions to the northeast. Bedrock is composed primarily of low- 
grade metasedimentary rock intruded by large plutons of granite 
and syenite (Belknap et al. 1987; Kelley 1987; Mathieson et al. 
1991). Wave action on the nearshore open coast is variable, from 
exposed (Cape Neddick), to semi-exposed (Seapoint) and shel¬ 
tered (Fort Foster). Substrata vary from massive rock outcrops to 
boulders, cobbles, and sand (cf. Appendix). Three major estuaries 
are located sequentially between Cape Neddick and Portsmouth 
Harbor (Figures 1 and 2); the York River Estuary, the BBH marsh 
complex (including the Cutts and Gerrish Island marshes), and 
the Piscataqua River. The York and Piscataqua Rivers are the 
largest estuarine habitats, extending 7.5 and 19.4 km inland, re¬ 
spectively; headwaters of the former are at York Pond (Mathieson 
et al. 1993); the latter merges into Little Bay, Great Bay, and the 
Squamscott River (Figure 1), extending 36.3 km inland (Mathie¬ 
son and Hehre 1986). The main tidal channel at BBH is about 
1.9 km in length; Cutts and Gerrish Island marshes are inner tidal 
tributaries and extend 0.39-4.2 and 2.4-4.2 km inland, respec¬ 
tively (cf. Appendix). 

Brave Boat Harbor (about 2.7 km 2 ) is located behind a sand 
and cobble barrier beach near Seapoint (Figures 2 and 3; Appen¬ 
dix). The sand body inside the mouth of the Harbor resembles a 
Hood tidal delta (Boothroyd 1078). However, the currents are 
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weaker than those of classieal mesotidal estuaries like the Parker 
River and Essex Bay in Massachusetts and provide a somewhat 
different configuration (Franz Anderson, pers. comm.). Tides near 
the mouth of BBH are uniformly semi-diurnal, with an average 
amplitude of about 2.6 m (Anonymous 1996). Currents and pe¬ 
riodic inundations cause variable salinities from the mouth to the 
tidal headwaters at Brave Boat Harbor Road (see below). 

The main channel of BBH is divided by the York and Kittery 
town line (Figure 3). Although it is sparsely populated and devoid 
of industry, shellfish harvesting is restricted to the outer Harbor 
due to contamination by fecal coliform bacteria. Tributaries #1 
and #4 show some signs of eutrophication, presumably due to 
septic discharge. 

The BBH salt marshes were probably formed about 10,000 
years before present (YBP), following the last retreat of the Wis¬ 
consin ice sheet and subsequent stabilization of sea levels (Belk¬ 
nap et al. 1987; Jacobson and Jacobson 1989; Jacobson et al. 
1987). Most tidal marshes in the Gulf of Maine flourished during 
this time, filling upper bays behind coastal sand barriers and di¬ 
minishing their tidal channels into smaller creeks. Like other salt 
marshes between southern Maine and Massachusetts, BBH re¬ 
ceives an abundance of fresh water (Jacobson et al. 1987). How¬ 
ever, it is a more sandy and erosive environment than the York 
and Piscataqua Rivers or the Cutts and Gerrish Islands marshes 


(Mathieson 


Mathieson 


1993), and it is 


more analogous geologically to New Hampshire's Hampton-Sea- 
brook Estuary (Mathieson and Fralick 1972) and the Parker River 
area of Massachusetts (Boothroyd 1978). There is extensive ero¬ 
sion of BBH's outer marsh (Figure 4), possibly reflecting strong 
tidal currents, rising sea levels (Stevenson et al. 1986), and re¬ 
duced sediments due to expansion of New England forests and 
increased soil conservation measures over the past 100 years. 


Many 


in the outer marsh (see 


below), probably caused by ice rafting, surface collapse from un¬ 
dermining of the sand layer, and dieback of marsh grass because 
of wrack deposition. Thus, the outer marsh shows a patchy phys¬ 
iography, with extensive dissection and superficial channels. 

The entrance to BBH's main channel (sites BBHN and BBHS; 
Figures 2 and 3) is dominated by boulders and cobbles (cf. Ap¬ 
pendix), which were probably deposited after the retreat of the 
Laurentide Glacier about 50,000 YBP (Kelley 1987). Just inside 
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f igure 4. Photographs of the main tidal channel of Brave Boat Harbor 
showing (A) the broad, sandy mouth and (B) nearby eroded bluffs (1.5-3 m 
high) with high marsh vegetation consisting ol Spartina patens (SP) and an 
understory ot the dwart muscoides-like incus. Fin ns spiralis (RS) is attached 
to the sediment below the high marsh while Pilavella littoralis occurs as 
strands hanging from the clilf. 


the Harbor's mouth, the shoreline is sandy and resembles a Hood 
tidal delta (Boothroyd 1078). The exposed nature of this area is 
demonstrated by several features: (I) surface ripples on the sand 
caused by tidal currents; (2) absence of a low marsh with Spartina 
a I tern (flora Loisel.; (3) extensive erosion and slumping of the 
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marsh (Figure 4A); and (4) the presence of 2 to 3 ni high cliffs 
extending from the high marsh to bare sediment (Figure 4B). 
Inland, the tidal channel is sheltered, sediments are dominated by 
fine sand, rocky outcrops are limited, and high and low marshes 
occur (cf. Appendix). High marsh communities have abundant S. 
patens (Aiton) Muhl., scattered Festuca rubra L., J uncus gerardii 
Loisel., Limonium nashii Small, Salicornia europaea L., Suaeda 
maritima (L.) Dumort., and Triglochin maritima L., plus a turf¬ 
forming moss or “muscoides-like” Fucus (see below). Spartina 
alterniflora and the entangled/embedded understory fucoids Av- 
cophyllum nodosum ecad scorpioides and Fucus vesiculosus ecad 
volubilis dominate low marshes within the middle and inner Har¬ 
bor. 


The first of four contisjuous tidal tributaries is located on the 
Kittery side of the outer Harbor; it delineates Cutts Island and is 
exposed to “coastal” waters at both ends (Figure 3). The entrance 
to the first tributary (#la) is located about 0.39 and 4.2 km inland 
from the open coast via the Harbor mouth and Sewards Cove, 
respectively (Appendix). The second tributary (#2) is located in 
York and extends about 1.3 to 1.7 km inland, while tributary #3 
is in Kittery and extends 1.2 to 1.8 km inland. The fourth trib¬ 
utary, Chauncey Creek (Kittery), separates Gerrish and Cutts Is¬ 
lands from the mainland and from each other; it extends 2.4 to 
4.2 km inland and its vegetation is similar to the inner reaches 
of BBH (cf. Appendix). 

Water temperatures during six seasonal samplings were spa¬ 
tially similar throughout the Harbor, except at the two innermost 
sites during June and August (Figure 5A). The latter differed from 
open coastal sites, with temperatures of 16—18°C versus 18—23°C 
in June and 21-22°C versus 18-19°C in August. A strong sea¬ 
sonal change is evident throughout the Harbor, Irom 22°C in June 
to less than 0°C in February. Salinities near the mouth vary from 
32%o in February to 18%t> in June, the latter following a period 
of heavy rainfall (Figure 5B). With the exceptions of August and 
October, salinities decreased to 0 %o near the inner tidal dam. The 
stable high salinities (32%e) of August were associated with a 
prolonged period of hot, dry weather and limited fresh water dis¬ 


charge. 


Figure 6 shows the effects of a “divide" in tributary #\. Sa¬ 
linities for February and October, 1998 were low < I 1 — 1 3%c) at 
1.8 and 1.6 km inland from the mouth of BBH and higher (ca. 
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Figure 5. Surface water temperatures (A) and salinities (B) within Brave 
Boat Harbor during six seasonal sampling periods between February, 1998 
and January, 1999. The site locations are plotted in km inland from the open 


mouth of the Harbor. 
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Figure 6. Surface water temperatures (A) and salinities (B) within tributary 


Harbor. 


Measurements made during February and October, 1998 show the effects ol a 
“divide” and localized fresh water discharge. Distances (in km) represent site 
locations inland from the Harbor’s mouth and Sewards Cove, respectively. 
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32%<) at both ends. Localized fresh water discharge and an en¬ 
hanced elevation (a “divide”) near the tributary's center cause 
tides to ebb in both directions. Surface water temperatures were 
uniform in February (2.5-3.0°C) but more spatially variable in 
October (4.0-8.2°C), (he lowest values occurring at 1.6 km. 

Ice is common during December to March within inner parts 
o! >HH. During early winter skim ice may form on ebb tides, 
often disappearing on the subsequent Hood tide. Over time, an 
"ice foot,” or bell of fast-ice (Grpcn 1967), freezes to the shore 
and does not float upwards at high tides. Typically, ice formation 
is greater in shallow ponds than in narrow tidal channels with 
stronger currents. Scouring effects are evident on rocks, pier pil¬ 
ings, and other substrata. Large sections of marshy shoreline may 
be torn loose (rafted) during spring thaws and transported to new 


Wit 


1986; Mathieson et al. 1982). 


RKSULTS 


Species composition and distributional patterns. A total of 
148 seaweed taxa (39 Chlorophyceae, 48 Phaeophyceae, anti 61 
Rhodophyceae) was recorded from 51 study sites (Table 1; Figure 
7). The benthic colonial diatom Berkelexa rutilans (Bacillario- 
phyceae) occurred at 15 sites. Six new or uncommon taxa were 
recorded from BBH, including Codium fragile subsp. tomento- 
soides, Urospora curvata , Melanosiphon intestinalis, Fucus ves- 
iculosus ecad volubilis, F. spiralis ecad lutarius, and the "mus- 
coides-like” Fucus. The introduced siphonaceous green alga (' od¬ 


ium grew abundantly in ponds near the mouth of BBH, and it 
was previously unknown from salt marsh habitats in Maine. The 
microscopic green alga U. curvata occurred as an epiphyte on 
fucoids, with its occurrence at Seapoint and BBH representing 
the first records of this taxon from nearshore areas in Maine. The 
tubular and opportunistic brown alga A7. intestinalis was common 
on eroded and muddy channel embankments, while it was absent 
from adjacent nearshore open coastal habitats. Three detached 
fucoid ecads occurred as entangled or partially embedded frag¬ 
ments, with AscophyUum nodosum ecad scorpioides occurring at 
67% of the sites, F. vesiculosus ecad volubilis at 49%, and F. 
spiralis ecad lutarius at 29%. In distinguishing F. spiralis ecad 
lutarius and F. vesiculosus ecad volubilis , the former is a rela¬ 
tively narrow, proliferous, and evesiculate plant, while the latter 
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is a broaden proliferous, and more spiraled plant that often bears 
vesicles (Baker and Bohling 1916: Chapman 1939). The "mus- 
coides-like" Fucus (previously designated as Fucus cottonii M. 
J. Wynne el Magne, F. muscoides, F. vesiculosus variety mus- 
coides, and F. vesiculosus ecad muscoides) is a minute turf-like 
plant that forms “lawns" in upper sandy salt marshes (Norton 
and Mathieson 1983). It occurred at 31% of the sites and was 
newly recorded from the northwest Atlantic. 

Seaweed populations from the 51 study sites exhibited three 
major distributional patterns (Table 1; Figure 7): coastal (C), re¬ 
stricted to the nearshore open coast (29 red, 22 brown, and 9 
green algae; 41%); coastal-estuarine (C-E), occurring in coastal 
and estuarine habitats (30 red, 19 brown, and 26 green algae; 
51%); and estuarine (E), restricted to estuarine habitats (2 red, 7 
brown, and 4 green algae; 8%). 

Thirty-four of the 60 coastal taxa (57%) occurred at two or 
more coastal sites (including Fort Foster); the remaining 26 (43%) 
were restricted to a single site (Table I). Some localized coastal 
taxa included Chaetomorpha brachvgona, Chorda filum, Petalon- 
ia zosterifolia, Devaleraea ramentacea , and Plumaria plumosa. 

Coastal-estuarine species also exhibited varying distributional 
patterns (Table I ). Ascophyllum nodosum, Pilayella littoralis, 
Rhizoclonium riparium, Ulothrix speciosa, and Blidingia minima 
occurred at 63-71%’ of the sites, while nine others, including 
Hildenhrandia rubra and Chondrus crispus, occurred at more 
than 41 %. Nineteen C-E taxa were restricted to the five outermost 
sites and included Bryopsis plumosa, Desnuirestia aculeata, Cor- 
allina officinalis, and Ptilota serrata. Twenty-seven C—E taxa had 
restricted (less than 20%) and patchy estuarine distributions, in¬ 


cluding Codium fragile 



tom entoso ides, Spongomo rpha 


arcta, Dictyosiphon foeniculaceus, Laminaria saccharina, and 
Ceramium rubrum. 

Seven of the thirteen estuarine taxa (54%) were uncommon, 
being restricted to 1—2 sites ( Acrochaete wittrockii, Capsosiphon 
ftdvescens, Ulothrix fiacca, Punctaria tenuissima, Stictyosiphon 
soriferus, Polysiphonia nigra, and Porphyra purpurea). By con¬ 
trast, Ascophyllum nodosum ecad scorpioides and Fucus vesicu¬ 
losus ecad volubilis occurred at 63% of the sites. 

Frequency distribution patterns of the 148 seaweed taxa are 
shown in Table 1 and Figure 8. Twenty-nine taxa (4 green, 10 
brown, and 15 red alizae) were rare, beins; restricted to one site 



Table 1. Summary of seaweed taxa at 51 study sites within southern Maine, including the individual site records, percent 
occurrence, coastal versus estuarine distributional patterns, and longevity features for each taxon; () = % occurrence value. C = 
coastal only, C-E = coastal and estuarine, E = estuarine only, Ann. = annual, A Ann. = aseasonal annual. Per. = perennial. PPer. 
= pseudoperennial, “ ” = potential life history stage. See Appendix for habitat descriptions and abbreviations. 


Collection Sites, % Occurrence, and Loneevitv 


BACILLARIOPHYCEAE 


Berkeleya rutilans (Trentopohl) Griinow 

TOTAL DIATOM TAXA = 1 
CHLOROPHYCEAE 

Acrochciete xvittrockii (Wille) R. Nielsen 
BUdingia minima (Nageli ex Kiitzing) Kylin 

Bryopsis plumosa (Hudson) C. Agardh 
Capsosiphon fulvescens (C. Agardh) Setchell et Gardner 
Chcietomorphci aerea (Dillwyn) Kiitzing 
Chaetomorpha brachygona Harvey 
Chaetomorpha linum (O. F. Muller) Kiitzing 
Chaetomorpha melagonium (F. Weber et D. Mohr) Kiitzing 
Chaetomorpha picquotiana Montagne ex Kiitzing 
" Chlorochytrium inclusion Kjellman" 

Cladophora albida (Nees) Kiitzing 
Cladophora sericea (Hudson) Kiitzing 

"Codiolum pusiUum (Lyngbye) Kjellman" 

Codium fragile (Suringar) Hariot 
subsp. tomentosoides (van Goor) P. C. Silva 


III, IV, VII, 3-5, 7, 9, 12, 14, 17, Id, lg, Ij, 3a (2 
Ann. 



), C-E 


7 (2%), E: Ann. 

h III, IV, VI, VII, 1-5, 7-9, 12-21, lb. Id. lg, li, Ij, 3a-3d, 
4b, 4c, 4e, 4g (71%), C—E: Ann. 

II, 4 (4%), C-E: Ann. 

1 (2%), E: Ann. 

IV, VI (4%), C: Per. 

IV (2%), C: Ann. (?) 

I, IV, 4, 9, 16, If. li, lj, 4b (18%), C-E: Per. 

I, IV, VII (6%), C: Per. 

I-IV. VII, 1, 4, 7. 9 (18%), C-E: Per. 

IV, 1 (4%), C-E: Ann. 

I, IV (4%), C: AAnn. 

I, III, IV, VII, 4, 5. 7, 8, 10, 15, 16, lj (24%), C-E: AAnn. or 
PPer. 

IV, 19 (4%), C-E: Ann. 

I, III—V, VII, 4, 5, 7, 8 (18%), C-E: Per. 
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Table 1. Continued. 


Collection Sites, % Occurrence, and Longevity 


I, IV, 9 (6%), C-E. Ann. 


Enteromorpha flexuosa (Wulfen ex Roth) J. Agardh 
subsp. paradoxa (C. Agardh) Bliding 
Enteromorpha intestinalis (L.) Ness 
subsp. intestinalis 

Enteromorpha intestinalis (L.) Ness 
subsp. compressa Collins 
Enteromorpha linza (L.) J. Agardh 
Enteromorpha muscoides (Clemente et Rubio) Cremades 

Enteromorpha prolifera (O. F. Muller) J. Agardh 
Microspora pachyderma (Wille) Lagerheim 

Monostroma grevillei (Thuret) Wittrock 
Monostroma oxyspermum (Kutzing) Doty 

Percursaria percursa (C. Agardh) Rosenvinge 
Prasiola stipitata Suhr ex .lessen 

Pringsheimiella scutata (Reinke) Hohnel ex Marchewianka 
Protomonostroma nndidatum (Wittrock) K. L. Vinogradova 
f. pulchrum (Farlow) M. J. Wynne 
Pseudendoclonium submarinum Wille 
Rhizoclonium riparium (Roth) Harvey 

Rhizoclonium tortuosum (Dillwyn) Kiitzing 


I, IV. V, VII, 1, 3-5, 9, 12, 14, 16-19, 21, Ij, 3a-3c (39%), 
C-E: Ann. 

IV, VII, 3, 4, 9 (10%), C-E: Ann. 

I, IV. lj (6%), C-E: Ann. 

I. IV, 3. 4. 8, 9, 14, 16, 18, la-lc, le, 2b, 3a-3c, 4a (35%), 
C-E: Ann. 

I, IV, 9, 16. 4c (10%), C-E: Ann. 

IV. 1. 2. 4. 5. 7-10. 14, 15, 17-20, lb, 2b, 3c, 3d, 4c. 4g 
(41%). C-E: Ann. 

I, IV-VII, 4, 5, 14, 16, Id, Ig, li, lj, 4c (27%), C-E: Ann. 
3-5. 7. 9. 10, 15, 18, Id, If. Ig, li. 3a-3d, 4a—4d (39%), C— 
E: Ann. 

1-5, 7, 8 (14%), E: Ann. 

I (2%), C: Ann. 

IV, 1, 5 (6%), C-E: Ann. 

I, III, IV (6%), C: Ann. 

IV. 1, 6, 8, 9, 3c (12%), C-E: AAnn. 

I. IV, 1-5, 8-10. 12, 14-18, la-lc, le-lg. li, 2j, 2a, 3a-3d, 

4a-4d (65%), C-E: Ann. 

I. III. IV. VII, 1. 4. 9 (14%). C-E: AAnn. 
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Spongomorpha a ret a (Dillwyn) Kiitzina 

- 

Spongomorpha spinescens Kiitzing 

U/othrix flacca (Dillwyn) Thuret in Le Jolis 

Ulothrix speciosa (Carmichael ex Harvey in Hook 
Kiitzing 

Ulva lactuca L. 


Ulvaria obscura (Kiitzing) Gayral 
Urospora curvata (Printz) Kornmann et Sahling 
Urospora penicilliformis (Roth) Areschoug 
Urospora wonnskjoldii (Mertens in Hornemann) 

Rosenvinee 


TOTAL GREEN ALGAL TAXA = 39 
PHAEOPHYCEAE 

Agarum clathratum Dumortier 

Alaria esculenta (L.) Greville 

Ascocyclus distromaticus W. R. Taylor 

*0 

Ascophyllum nodosum (L.) Le Jolis 


Ascophyl/um nodosum (L.) Le Jolis 
ecad scorpioides (Hornemann) Reinke 
Chorda filum (L.) Stackhouse 
Chorda tomentosa Lyngbye 

Chorda ri a flagel l i form is (O. F Muller) C. Agardh 


Continued. 


Collection Sites. % Occurrence, and Longevity 

I, IV. VII. 4, 5. 16 (12%), C-E: Ann. 

1. IV. VII (6%), C: Ann. 

2. 20 (4%). E: Ann. 


IV. V, VII. 2-5. 7-9. 12-21. lb. Id. lf-lj, 3b-3d. 4b-4e. 4g 
(69%), C-E: Ann. 

I. III. IV. VII, 1. 3. 4. 8. 9. 14, 19. Id. lj. 4b, 4c. 4e, 4g (33%). 
C—E: AAnn. or PPer. 


I, IV, 14 (6%), C-E: Ann. 

IV. 4. 16 (6%). C-E: Ann. 

I. IV-VII, 1.19. 4c (16% ). C-E: Ann. 
I (2%). C: Ann. 


I. II. IV-VII (12%). C: Per. 

I. IV. VII (6%), C: Per. 

I (2%). C: Ann. 

I-VII. I. 3-5. 7-9. 11. 13. 14. 16. 17. la. lc. Id, If. Ig. li. 
lj, 2b, 3d, 4a-4d (63%). C-E: Per. 

1-18. I a-Id, If. lg. li. lj. 2a. 3a-3d, 4b-4d (67%). E: Per 
I (2%), C: Ann. 

I (2%). C: Ann. 

I. IV (4%), C: Ann. 


cc 
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Table 1. Continued. 


Desmcirestia aculeata (L.) J. V. Lamouroux 
Desmarestia viridis (O. F. Muller) J. V. Lamouroux 
Dictyosiphon foeniculaceus (Hudson) Greville 
Ectocarpus fasciculatus Harvey 
Ectocarpus siliculosus (Dillwyn) Lyngbye 
Elcichista fucicola (Velley i Areschoug 
Eudesme virescens (Carmichael ex Berkeley) J. Agardh 
Fucus distichus L. emend Powell 
subsp. distichus 

Fucus distichus L. emend Powell 
subsp. edentatus (de la Pylaie) Powell 
Fucus distichus L. emend Powell 


subsp. evanescens (C. Agardh) Powell 
Fucus “muscoides-like" form 
Fucus spiralis L. 

Fucus spiralis L. 

ecad lutarius (Kutzing) Sauvageau 
Fucus vesiculosus L. 


Fucus vesiculosus L. 
ecad volubilis (Hudson) Turner 

Faminaria digitata (Hudson) J. V. Lamouroux 
Laminaria saccharina (Hudson) J. V. Lamouroux 
Laminariocolax tomentosoides (Farlow) Kylin 
Leathesia difformis (L.) Areschoug 


Collection Sites, % Occurrence, and Longevity 


I-VII, 4, 5 (18%), C-E: Per. 

I, IV, V, 5 (8%), C-E: Ann. 

1, IV. 9 (6%), C-E: Ann. 

IV, 5, 17 (6%), C-E: Ann. 

I, IV, VI, 1, 4, 5, 7, 16 (16%), C-E: Ann. 

I, IV, V, VII. 2-5, 8. 9, lj, 3d (24%), C-E: Per. 
I. IV. (4%), C: Ann. 


I. III. IV (6%). C: Per. 


I, IV (4%), C: Per. 

I, III—VII, 1 (14%), C-E: Per. 

2-12. 14, 17. lb, 3a, 3c (31%), E: Per. 

1- VI, 1-12, 14, 16, 17, lb. Id, If, lg, 3d (51%), C-E: Per. 

2- 10. 12, 14, li, lj. 3a, 4b (29%), E: Per. 

I-VII, 2-4, 8, 9, 13, 15, Id, If, lg, li, lj, 3c, 3d, 4a-4d (49%), 

C-E: Per. 


1-5, 7-17, la-ld, lg, li, 1 , 2a, 3a-3d, 4b-4d, 4g (63%), E: 
Per. 


I, II, IV. V. VII (10%), C: Per. 
I-VII, 4, lj (18%), C-E: Per. 

I (2%), C: Ann. (?) 

1 (2%), C: Ann. 
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Table 1. 


Melanosiphon intestinalis (D. A. Saunders) M. J. Wynne 
Mikrosyphcir porphyrae Kuckuck 
Mxrionema corunnae Sauvaeeau 

4 ^- 

Petalonia fascia (O. F Muller) Kunlze 

Petalonia zosterifolia (Reinke) Kuntze 
Petrodenna maculiforme (Wollny) Kuckuck 
Pilayella littoralis (L.) Kjellman 

Protectocarpus speciosus (B0rgesen) Kuckuck 
Pseudolithodenna extension (Crouan frat.) S. Lund 
Punctciria plcintaginea (Roth) Greville 
van plcintaginea 

Punctana tenmssima (C. Agardh) Greville 
"Ralfsia elavata (Harvey in Hooker) Crouan frat." 

Ralfsia verrucosa (Areschoug) J. Agardh 

Saccorhiza dermatodea (de La Pylaie) Areschoug 
Scytosiphon lomentaria (Lyngbye) Link 
var. lomentaria 

Sphacelaria arctica Harvey 
Sphacelaria cirrosa (Roth) C. Agardh 
Sphacelaria plumosa Lyngbye 


Continued. 


to 


Collection Sites, % Occurrence, and Longevity 


1—5, 7, 8, 10, 14, 17, lg, 3a, 3c (25%), E: Ann. 

I, IV (4%), C: Ann. 

L IV, lj (6%), C-E: Ann. 

I-VII, 1-5. 7-9, 13. 14. 16. 17. Id, lg. li. lj, 3c, 4b-4d (53%). 
C-E: Ann. 

IV (2%), C: Ann. 

IV. 19, lg (6%), C-E: Per. 

I. II, IV. V, VII. 1. 3-5, 9, 10. 12-19, lb, ld-lg, li. lj. 3a- 
3d, 4b, 4d, 4e (65%). C-E: Ann. 

IV (2%), C: Ann. 

IV, 14 (4%). C-E: Per. 


I (2%), C: Ann. 

5 (2%), E: Ann. 

II—VI. I. 4-6. 8. 14. 16. 17. la. lb, li. 4b, 4d (33%), C-E: 
Per. 

I. III. IV. VI, VII, 1, 3-8. 13. 14, 16, 17, 19. Ic, lg, li, lj. 3c 
3d, 4a-4c (51%). C-E: Per. 

I, IV, VII (6%), C: Ann. 


I—VII. 1. 3—5. 7—9, 12. 14—17. Id. If, lg, li. lj. 3c, 3d. 4b. 

4d (55%), C-E: Ann. 

I. IV (4%). C: Per. 

I, III, IV. VI, VII, 3-5, 7-9, lj (24%), C-E: Per. 

IV (2% ). C: Per. 
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Table 1. 


Sphacelaria rcidicans (Dillwyn) C. Agardh 
Spongonetna tomentosutn (Hudson) Kikzing 
Stictyosiphon soriferus (Reinke) Rosenvinge 

TOTAL BROWN ALGAL TAX A = 48 

RHODOPHYCEAE 

Ahnfeltia plicata (Hudson) Fries 
Antithamnionella floccosa (O. F. Muller) Whittick 
Audouinella alariae (H. Jonsson) Woelkerling 
Audouinella poly ides (Rosenvinge) Garbary 
Audouinella purpurea (Lightfoot) Woelkerling 
Audouinella secundata (Lyngbye) R S. Dixon 
Bangia atropurpurea (Roth) C. Agardh 
Bonnemaisonia hamifera Hariot 
Callithamnion tetragonum (Withering) S. F. Gray 
Callocolax neglectus F. Schmitz ex Batters 
Ceramium rubrum (Hudson) C. Agardh 
Ceratocolax hartzii Rosenvinge 
Chondrus crispus Stackhouse 

Choreocolax polysiphoniae Reinsch 
Clathromorphum circumscriptum (Stromtelt) Foslie 
Coccotylus tr uncat us (Pallas) M. J. Wynne et Heine 
Corallina officinalis L. 

Cystoclonium purpnreum (Hudson) Batters 


Continued. 

Collection Sites, % Occurrence, and Longevity 

IV (2%), C: Per. 

I, IV (4%), C: Per. (?) 

5 (2%), E: Ann. 


1, III, IV. VI. VII, L 3-5 (18%), C-E: Per. 

1, IV (4%-), C: AAnn. 

I (2%), C: Ann. 

IV (2%), C: Ann. 

I, III, IV, VII (8%), C: Per. 

I, II, IV. 1, lj (10%). C-E: Ann. 

I, IV-VII, 5, 19 (14%), C-E: Ann. 

I, III, IV (6%), C: Per. 

IV, lj (4%), C-E: Per. 

I, IV, 5 (6%), C-E: Per. 

I. Ill, IV, VI, VII, 4, 5, 7 (16%), C-E: Per. 

IV (2%), C: Per. 

I-IV, VI, VII, 2, 4, 5, 7, 8, 13, 14, 16, 17, Id, lg, li, lj, 3c, 

3d, 4d (43%), C-E: Per. 

I, IV (4%), C: Per. 

I—VII, 4, 16 (18%), C-E: Per. 

I, III, IV, VI, VII, 4 (12%), C-E: Per. 

I-VII, 1 (16%), C-E: Per. 

I, III. IV, VI, VII, 4 (12%), C-E: Per. to 
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Table 1. 


Devaleraea ramentacea (L.) Guiry 
Dumontia contorta (S. G. Gmelin) Ruprecht 


Erythrotrichia earned (Dillwyn) J. Agardh 
Euthora cristata (L.) J. Agardh 

Fimbrifolium dichotomum (Lepeschkin) G. I. Hansen 
Gloiosiphonici capillaris (Hudson) Berkeley 
Cymnogongrus crenulatus (Turner) J. Agardh 
Haneyella mirabilis (Reinsch) F. Schmitz et Reinke 
Hildenb randici rubra (Sommerfelt) Meneghini 


Lithothamnion glaciate K jell man 

Lomentaria orcadensis (Harvey) Collins ex W. R. Taylor 
Mastocarpus stellatus (Stackhouse in Withering) Guiry 
Membranoptera alafa (Hudson) Stackhouse 
Palmaria palmata (L.) Kuntze 
“ Pet race I is cruenta J. Agardh'' 

Peyssonnelia rosenvingii F. Schmitz in Rosenvinge 
Phxcodrxs rubens (L.) Batters 

mr ' X 

PhyUophora pseudoceranoides (S. G. Gmelin) Newroth et 
A. R. A. Taylor 

Phymatolithon laevigatum (Foslie) Foslie 

Phymatolithon lamii (Me. Lemoine) Y. M. Chamberlain 

Phymatolithon lenormandii (Areschoug in J. Agardh) W. H. 
Adey 


Continued. 


to 

to 


Collection Sites. % Occurrence, and Longevity 


I (2%). C: Per. 

I, II, IV-VII, 2, 4, 5, 7-9, 13, 14, 16, 17. Id, Ig, li, Ij, 3c, 
3d, 4d (45%), C-E: Ann. 

III, IV. VI, 1, 4, 5, 8, 9, 16, lj (20%). C-E: Ann. 

I, III. IV. VI. VII, 1, 4, 5 (16%), C-E: Per. 

IV, VII (4%). C: Per. 

I (2%), C: Ann. 

I, IV (4%), C: Per. 

I (2%), C: Per. 

II, IV, VI, VII, 1, 3, 4, 6-9, 13. 14, 16, 17. lg. li. lj. 3c. 3d. 
4a (41%), C-E: Per. 

I. III. IV. VII (8%), C: Per. 

I (2%), C: Per. 

I-V. VII. 3, 4. Ig. lj. 4b (20%), C-E: Per. 

I. IV. VI, VII (8%). C: Per. 

I, II. IV, VII (8%), C: Per. 

I. IV. V (6%). C: Per. 

II. IV. VI. VII. 6, 16. li, lj (16%), C-E: Per. 

I-IV. VI, VII, 4, 5 (16%), C-E: Per. 

I. Ill—VII. 1. 3. 4 (18%). C-E: Per. 


I. IV. V (6%), C: Per. 

IV (2%), C: Per. 

II. IV. V. li. lj. 4b (12%). C-E: Per. 


< 


R hod ora 




















Table 1. 


Plumaria plumosa (Hudson) Kuntze 

Pneophyllum fragile Kiitzing 

Poly ides rotundas (Hudson) Greville 

Polysiphonia flexicaulis (Harvey) Collins 

Polysiphonia fucoides (Hudson) Greville 

Polysiphonia harveyi Bailey 

Polysiphonia lanosa (L.) Tandy 

Polysiphonia nigra (Hudson) Batters 

Polysiphonia stricta (Dillwyn) Greville 

Porphyra amplissima (Kjellman) Setchell et Hus m Hus 

Porphyra leucosticta Thuret in Le Jobs 

Porphyra linearis Greville 

Porphyra min iota (C. Agardh) C. Agardh 

Porphyra purpurea (Roth) C. Agardh 

Porphyra umhilicalis (L.) Kiitzing 

Porphyropsis coccinea (J. Agardh ex Areschoug) 

Rosen vinge 

CT 

Ptilota serrata Kiitzing 

Rhodoniela confervoides (Hudson) P. C. Silva 
Scagelia pylaisaei (Montague) M. J. Wynne 
Titanodenna corallinae (Crouan frat.) Woelkerling, Y. M. 
Chamberlain et P. C. Silva 

Titanodenna pustulatum (J. V. Lamouroux) Woelkerling 
"Trailliella intricata Batters” 


TOTAL RED ALGAL TAX A = 61 
TOTAL SEAWEED TAXA = 148 


Continued. 


Collection Sites. % Occurrence, and Longevity 

I (2%), C: Per. 

IV (2%), C: Per. 

I, IV, VII (6%), C: Per. 

I, IV. VII, 5 (8%). C-E: Per. 

I, II, IV, 2, 4, 8, 9, Ij (16%). C-E: Per. 

I-VII, 1. 3-5, 7-9, 16, 17, 1 1 (33%), C-E: Ann. 
I—VII, 4. 16 (18%), C-E: Per. 

4 (2%), E: Per. (?) 

I. IV. V (6%). C: per. 

IV (2%), C: Ann. 

I. IV. VII, 4. Ij (10%). C-E: Ann. 

I. IV-VI1. 1, 5 (14%). C-E: Ann. 

I. IV (4%), C: Ann. 

4a (2%). E: Ann. 

I. IV, V, VII. 1 (10%), C-E: Ann. 

IV (2%). C: Ann. 

I. Ill, IV, VI, VII, 1, 4, 5 (16%), C-E: Per. 

I, IV. V (6%), C: Per. 

I, IV (4%). C: AAnn. 

V (2%). C: Per. 

I, IV, V, VII (8%), C: Per. 

I. IV, 4 (6%), C-E: Per. 


to 
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Hgure 7. Patterns ol species richness, local distribution, and longevity of 
seaweed taxa from six eoastal and estuarine habitats within southern Maine. 


(2.0% occurrence); 23 (7 green, 9 brown, and 7 red algae) oc¬ 
curred at two locations (3.9% occurrence); and 23 (8 green, 7 
brown, and 8 red algae) were found at three sites (3.9% occur¬ 
rence). The most ubiquitous taxa are outlined in Figure 9. 


Floristic comparisons. Figure 10 illustrates patterns of spe¬ 
cies richness and floristic similarities between nearby coastal hab¬ 
itats, ilie main channel and the four tributaries of BBH (ef. Ap¬ 
pendix). The highest total (Figure 10A) and mean number of taxa 
(Figure I0B) occurred on the open coast (134 taxa; 91%). The 
main channel had 83 taxa (56%), while the tributaries had the 
following number and % of total taxa; #1: 42 taxa, 28%; #4; 26 
taxa, 18%: #3: 24 taxa. 16%; #2: 6 taxa. 4%. The mean number 
of total and shared taxa/habitat (Figure 10C) have similar pat- 

__ variable numbers occur on the open 


coast (.v 


5 9.5 


35.7 and 47.3 


47.97 for total and shared 


taxa, respectively), and the lowest for tributary #2 (v 


3.0 


0 


and 4.7 


1.21, for total and shared taxa. respectively). Patterns 
for mean percentage of shared taxa (Figure 10D) contrast with 
the above. The open coast and tributary #2 have the lowest per- 

± 35.4%, respectively). 


centages (a 
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Figure 8. Frequency distribution patterns of 148 seaweed taxa recorded 
from fifty-one open coastal and estuarine sites in southern Maine. Taxa found 
at only one site (2% occurrence) are represented by the extreme left bar of 
the graph; those found at only two (3.9%) are represented by the next bar. 


etc. 


while tributaries #1, #3, and #4 have the highest percentages (v 


55.6 


27.9% to 59.0 


28.7%). 


Intra-habitat patterns of species richness were highly variable 
(Figures 1 1-13). Exposed open coastal areas of Nubble Light and 
Seapoint exhibit peak values ot 102 and 1 17 taxa, respectively, 
while Sister's Point and Sewards Cove are the most depauperate 
with 36 taxa each (Figure 1 1). In the main channel of BBH (Fig¬ 
ure 12) the highest numbers of seaweeds/site occurred just inside 
the mouth (sites #4 and #5), while the lowest occurred near tidal 
limits (site #21). Green and brown algae (particularly fucoid taxa) 
were widely distributed, while the reds were more circumscribed. 

Greens dominated inner habitats (sites #18 to #21). 

Figure 13 depicts species richness in BBH's four tidal tribu¬ 
taries. Tributary #1 showed an enhancement ot species numbers 
and red algae inland from the Harbor mouth. This contrasts with 
the pattern observed in the main channel. Site #1 j is an estuarine 
tidal rapid with 35 taxa; it is located about 2.0 kin inland 1mm 
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DISTRIBUTIONAL FREQUENCY (%) 



Blidingia minima 


Ulothrix speciosa 

Ascophyllum nodosum 
ecad scorpioides 

Rhizoclonium riparium 


Pilayella littoralis 

Ascophyllum nodosum 

Fucus vesiculosus 
ecad volubilis 


Scytosiphon lomentaria 


var. lomentaria 
Petaionia fascia 


Fucus spiralis 
Ralfsia verrucosa 


Fucus vesiculosus 


Dumontia contorta 


Chondrus crisp us 
Microspora pachyderma 


Hildenbrandia rubra 


Figure c ). Distributional I 


requency (%) of the sixteen most common sea 
weed taxa at the fifty-one study sites. 


the open coast via the Harbor mouth and 2.7 km inland from 
Sewaids Cove on Gerrish Island (cl. Appendix). Species richness 
and composition in #3 was lower but analogous to tt I. Tributary 
#1 had ihe lowest diversity, while #4 had a similar (but reduced) 
pattern to that of the main channel. 

Figure 14 compares the mean number (± SD) of taxa/site in 
BBITs main channel and four tributaries, plus 17 other estuaries. 
The mean number of taxa in BBH's main channel (.v = 


20.7 
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SITES 


Figure 


10. A comparison of the seaweed floras from six coastal sites 
(COASTAL), the main channel (MC), and four tributaries (#1-4) of Brave 
Boat Harbor. Four patterns are shown: (A) number ot total red, brown, and 
ereen seaweeds; (B) mean number of total taxa; (C) mean number ol shared 
taxa; (D) mean percentage of shared taxa. All bars are ± 1 SD. See Appendix 
for habitat descriptions and abbreviations. 
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Figuie II. 1 he number ol total seaweed taxa at six nearshore 
sites Ironi Cape Neddick to Fort Foster. See Appendix for habitat 
and abbreviations. 


open eoastal 

descriptions 


14.4) is less than in the Piscataqua River and Little Bay. while it 
is approximately the same as in the York River (v = 21.4 ± 3.2) 
and Great Bay proper (.v = 25.3 ± 24.9). The main channel of 
BBH has a higher mean number of taxa than the following sites: 


(I) the lour contiguous tributaries near BBH that vary from v 


3.0 


0 to 14.3 


5.1; (2) several mid- and inner-estuarine sites 


such as the Oyster River (.v 


12.6 


Wi 


(.v 


1.3 ± 


1.6) ot the Great Bay Estuary System: (3) the Hamp- 

ton-Seabrook Estuary (.v = 10.5 ± 5.5); (4) the Merrimack River 

Estuary (.\ 3.5 ± 5.2). I he large standard deviations recorded 

lor the main channel ol BBH, the Piscataqua River, Lillie Bay, 

and Great Bay indicate that these areas are more spatially variable 

than the York River and other inner estuarine habitats described 
above. 


Longevity patterns. Sixty-eight ol the 148 taxa recorded 
(46%) are annuals, 73 (49%) perennials, and 7 (5%) either asea- 
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Figure 12. The number of seaweed taxa at twenty-one sites within the 
main tidal channel of Brave Boat Harbor and the harbor entrance (BB11 
and BBHS). See Appendix for habitat descriptions. 
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Figure 13. The number of seaweed taxa at multiple sites within four 
contiguous tidal tributaries (#1—4) in Brave Boat Harbor. See Appendix tor 
habitat descriptions. 
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Figure 14. Mean (± SD) number of seaweed laxa/site within Brave Boat 
Harbor and fourteen other estuaries from southern Maine (York River) to 
Massachusetts (Merrimack River). See tlie text for a synopsis of number of 
collection sites/area. 


sonal annuals or pseudoperennials (Table 1; Figure 7). Approxi¬ 
mately three-quarters of the green algae (30 taxa, 77%), one-half 
ol the browns (23 taxa, 48%), and one-quarter of the reds (15 
taxa, 25%) are annuals. The ratios of annuals to perennials (Fig¬ 
ure 15A, B) are analogous to those previously described, showing 
only modest differences: (I) open coast, 63/134, 47%; (2) BBH 
main channel, 43/83, 51.8%; (3) tributary #1, 18/42, 42.8%; (4) 

tributary #2, 3/6. 50%; (5) tributary #3, 14/24, 58.3%; (6) trib¬ 
utary #4, 13/26, 50%. 


DISCUSSION 


Species richness within the 51 southern Maine sites is rela¬ 
tively high (148 taxa) compared with other Northwest Atlantic 
sites. For example, 216 taxa are recorded from over 200 coastal 
and estuarine sites in New Hampshire and southern Maine 
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Figure 15. A comparison of the number of annual (A) and perennial (B) 
red, brown, and green seaweeds from six coastal sites (COASTAL), the main 
tidal channel (MC), and four tributaries (#1—4) of Brave Boat Harbor. See 
Appendix for habitat descriptions and abbreviations. 
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(Mathieson and Hehre 1986), which include 179 ta\a from the 
nearshore open coast between Portsmouth and Seabrook (NH). 
164 from the Isles of Shoals (ME and NH), 161 from the Great 
Bay Estuary System (NH and ME), and 63 from the Hampton- 
Seabrook Estuary System (NH). Although the numbers recorded 
tor the Shoals and Great Bay Estuary System are similar, their 
species composition is quite different, presumably because of pro¬ 
nounced habitat variations (Mathieson and Penniman 1986b). 
Maine's two largest embayments (Penobscot and Casco Bays) 
have 139 and 194 taxa, respectively (Collins 191 I ; Farlow 1881; 
Mathieson et al. 1996). The numbers of taxa from insular habitats 
throughout the Gulf of Maine range from 145 on Mount Desert, 
the largest coastal island (Collins 1894; Mathieson et al. 1998), 
to 136 on Smuttynose Island, Maine, and 4—65 taxa/island in 
Penobscot Bay (Mathieson et al. 1996, 1998). Penikese Island, 
just south of Cape Cod, Massachusetts, has 131 taxa (Doty 1948; 
Jordan 1874; Lewis 1924). Newfoundland, the largest and most 
extensively studied northeastern Canadian island, has about 254 
taxa (South 1983; South and Hooper 1980), while Tittley and 
colleagues (198/) have recorded 159 taxa from Passamaquoddy 
Bay, New Brunswick, Canada. 

There is a conspicuous reduction in species richness within the 
six southern Maine habitats (Figure 10); the highest numbers of 
taxa and perennial seaweeds occur on the open coast. A combi¬ 
nation ot physical factors is probably responsible, including en¬ 
hanced water motion, greater availability of rocky substrata, and 


more 


stable hydrographic conditions (Coutinho and Seeliger 


1984; Doty and Newhouse 1954; Hartog 1971; Josselyn and West 
1985; Ketchum 1983; Mathieson and Penniman 1986a, 1991; 
Wilkinson 1980). Brave Boat Harbor is more turbid and sedi¬ 
mented and has greater hydrographic variability than the nearby 
open coast (Figures 5 and 6). Inner estuarine areas of BBH have 
steep tidal channels and dissected salt marshes, which arc domi¬ 
nated by reduced floras ol ephemeral (opportunistic) green algae 
(Table I). Physical extremes probably determine the distributional 
limits and potential tor perennial longevity where physiological 
tolerances are approached (cf. Fralick and Mathieson 1975; Guo 
and Mathieson 1992; Kintie 1970, 1971; Penniman and Mathie¬ 
son 1985). For example, within the inner reaches of the Great 
Bay Estuai \ (i.c.. Great Bay proper) hydrographic variability is 
approximately two (temperature) to live times salinity) greater 
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than on the adjacent open coast near Portsmouth (Loder et al. 
1979, 1983a, 1983b; Norall et al. 1982). Similar, but more circum¬ 
scribed patterns are present in the BBH area (cf. Figures 5 and 
6), and seasonal extremes in temperature and salinity are evident 
in the Harbor's interior. Unlike the land-locked and muddy inner 
parts of the Great Bay Estuary, the outer third of BBH is directly 
connected to the open ocean and has a sandy substratum. Thus, 
BBH’s flora consists of many oceanic species at its mouth and a 
few estuarine ones at its tidal limits. 

A comparison of the mean number of taxa/site in BBH and the 
York, Piscataqua, and Merrimack Rivers, is instructive as all tour 
estuaries are contiguous with the open coast and in close prox¬ 
imity (Figures I and 14). The York River and BBH exhibit similar 
patterns, the Piscataqua River is more diverse, and the Merrimack 
River is very depauperate. There are varying levels of eutrophi¬ 
cation and development in the four estuaries: BBH has circum¬ 
scribed fecal coliform contamination (see above); the York River 
has limited housing development and eutrophication; and the Pis¬ 
cataqua and Merrimack Rivers have intermediate to high levels 
of industrial development and eutrophication, respectively (cf. 
Mathieson and Fralick 1973; Mathieson and Penniman 1986a; 
Mathieson, Reynolds, and Hehre 1981; Mathieson et al. 1993). 
The Merrimack River is one of the most polluted in New England 
and is also one of the major sources of fresh water discharge into 
the Gulf of Maine (Anonymous 1984, 1987; Appolonio 1979; 
Jerome et al. 1965; Miller et al. 1971). Within the same four 
estuaries, the Piscataqua River has the greatest diversity of hab¬ 
itats, with tidal rapids, salt marshes, and stable substrata, all of 
which combine to support a diverse seaweed flora. In summary, 
the mean number of taxa/site in BBH exceeds the values for the 
Merrimack River, the contiguous BBH tributaries, and several 
mid- and inner-estuarine sites. Low species diversity is a typical 
response to stresses such as pollution, development, and extreme 
hydrographic variability where only a few tolerant ulotrichalean 
green algae such as Enteromorpha, Monostroma , Ulva , and Vi¬ 
varia dominate (Cotton 1910; Fritsch 1935; Sawyer 1965; Wil¬ 
kinson 1980). 

Intra-habitat diversity patterns are determined by the same suite 
of physical factors. Differential wave action, stability of substrata, 
and habitat variability are key factors determining spatial differ¬ 
ences of coastal communities (Mathieson et al. 1991). The ex- 
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treme variability of floras at Seapoint and the mouth of Brave 
Boat Harbor (BBHN and BBHS) is a case in point (Figure 1 1), 
with both sites exposed to strong wave action. Seapoint has a 
greater diversity of habitats and rocky outcrops and the mouth of 
BBH is dominated by cobbles and boulders that move in storms 
(cl. Appendix). The higher diversity of seaweeds in BBH's main 
channel compared with its tributaries may also be explained by 
differential availability of solid substrata and varying hydrograph¬ 
ic conditions. The main channel has scattered boulders, rocks, 
and pebbles, plus the remains of an old wooden railroad trestle; 
the tributaries have more limited and scattered solid substrata 
(particularly #2). Sporadic peaks of species diversity are probably 
associated with enhanced substrata and water motion. For ex¬ 
ample, the highest number of species in tributary #1 occurs at 
the bridge culvert on Seapoint Road (#lj), where strong currents, 
abundant rocks, and a fringing marsh are present. By contrast, 
sites #lh and #li are impounded and do not totally drain at low 
tide, reducing the numbers of taxa. Sporadic patterns are evident 
in the third and fourth tributaries, where localized populations of 
Chondrus crispus, Dumontia contorta, and Hildenbrandia rubra 
grow in narrow tidal channels with strong currents and rocky 
substrata (cf. Table 1; Figure 13). As noted by Lewis (1964, 1968) 
tidal rapids have high concentrations of dissolved gases (oxygen 
and carbon dioxide) and reduced sediments, which allow en¬ 
hanced colonization by open coastal and perennial seaweeds (Ma- 
thieson et al. 1977, 1983; Reynolds and Mathieson 1975). 

Seaweed longevity patterns in BBH reflect the above-described 
physical factors. Outer floras are dominated by perennial taxa, 
while annuals exhibit broader distributions, often dominating in¬ 
ner estuarine habitats. Blidingia minima, Enteromorpha spp., Mi- 
crospora pachydenna, and Rhizoclonium riparium are conspicu¬ 
ous annual green algae that form extensive mats amongst marsh 
grasses. Perennial greens are lew in number and primarily occur 
in the main channel or in deep outer pools ( Codium ). Perennial 
brown and red algae (e.g., Ascophyllum nodosum, Laminaria sac- 
charina, Chondrus crispus, Hildenbrandiu rubra, Phymatolithon 
lenormandii, and Polysiphonia fucoides) exhibit either analogous 
coastal patterns or are found in localized areas of strong tidal 
currents. Conspicuous annuals include Dumontia contorta, Me- 
lanosiphon intestinalis, Petalonia fascia, and Scytosiphon lomen- 
taria var. lomentaria. 
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The fucoid algae found in BBH are of special interest because 
of their diversity, habitat preferences, and abundance. Prior to the 
discovery of the "muscoides-like” Fuchs from sandy outer hab¬ 
itats in BBH, it was unknown from the Northwest Atlantic (cf. 
Sears 1998; South and Tittley 1986; Wynne and Magne 1991). 
The plant is a miniature alga that lacks a holdfast and forms an 
embedded turf or “moss-like carpets” (Norton and Mathieson 
1983) in sandy sediments associated with Spartina patens. The 
ecology oi F. spiralis in BBH is unique as it grows abundantly 
on outer sandy bluffs (i.e., psammophytically). By contrast, in 
nearby muddy estuaries (e.g., the Great Bay Estuary System), it 
only grows attached to scattered metamorphic and volcanic rock 
outcrops (Niemeck and Mathieson 1976). Attached populations 
of F. vesiculosus are restricted to scattered boulders and pilings 


(Table l). 

As noted above, three detached fucoid ecads are common in 
BBH, Ascophyllum nodosum ecad scorpioides, Fucus vesiculosus 
ecad volubilis, and F. spiralis ecad lutarius. The first two are the 
most abundant and widely distributed (Table 1), growing as en¬ 
tangled and/or embedded populations amongst culms of Spartina 
alternifiora. Fucus spiralis ecad lutarius occupies a similar hab¬ 
itat, but it is scattered and less abundant. Detached plants of Fu¬ 
cus ; variously described taxonomically, have been reported since 
the 1880s from Long Island, New York, to Massachusetts (Taylor 
1957). After comparing European materials. Chapman (1939) 
confirmed the presence of F. spiralis ecad lutarius from Scituate, 


Mass 


and F. vesiculosus ecad volubilis from Cold 


Spring Harbor, Long Island, New York, with the latter being 
based upon collections of Baker and Blandford in 1912. Chapman 
(1939) notes that few investigators record both detached Fucus 


Webber and Wilce 


Mas 


sachusetts; our investigations throughout 


Mai 


(Mathieson 


Dawes, and Hehre, unpubl. data) indicate that both ecads are 
widely distributed within the state's salt marshes. 


/> 


Mathieson 


Math 


9ew Hampshire and Maine (cf. 
eson et al. 1993). However, it 
grows abundantly at several insular sites in the Gulf of Maine (e.g., 
the Isles of Shoals) but is previously unknown from estuarine hab¬ 
itats (Harris and Mathieson, in press). The occurrence of Codium 
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in BBH ponds represents the first record of its abundant growth in 
a Maine salt marsh. The microscopic green alga Urosporci curvata 
is newly recorded from nearshore coastal areas in Maine, being 
previously known from deep water habitats within the Gull of 
Maine and southern Massachusetts (Grocki 1984: Sears and Coo¬ 


per 


We 


dosum and Fucus vesiculosus at both Seapoint and BBH. The op¬ 
portunistic brown alga Melanosiphon intestinalis is very prolific 
within BBH, particularly on slumping channel embankments. It is 
a seasonal annual that is most conspicuous during spring and early 
summer, being reduced in size and confined to small residual 
patches by mid-July. The plant also grows abundantly in many 
other Maine and New Hampshire tidal marshes (Mathieson, 
Dawes, and Hehre, unpubl. data), while it is uncommon at contig¬ 
uous open coastal sites within the same two states. By contrast, 
Melanosiphon exhibits a broader coastal distribution in Massachu¬ 
setts and southern New England (C. Schneider, pers. comm.). 

In summary, the coastal and estuarine seaweed flora of south¬ 
ern Maine is highly diverse and exceeds or equals that of other 
northern New England regions, such as Penobscot Bay (Mathie¬ 
son ei al. 1996) and Mount Desert Island (Mathieson et al. 1998). 
Detached fucoid ecads and psammophytic populations of Fucus 
spiralis are common in BBH. New records for the “muscoides- 
1 ike" Fucus and for Urospora curvata and Codium fragile subsp. 
tomentosoides are given. 
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APPENDIX 

A SYNOPSIS OF STUDY SITES WITHIN SOUTHERN MAINE 


OPEN COASTAL SITES (York and Kitlery; Figure 2) 

I. Cape Neddick (CN), Nubble Light. An exposed site with substrata 
consisting of massive outcrops and boulders grading into sand. 

II. North bank of Brave Boat Harbor mouth (BBHN), York. An exposed 
open site with extensive boulders and relatively few rock outcrops and 
tide pools. 

III. South bank of Brave Boat Harbor mouth (BBHSj, Kittery. An exposed 
open site composed of coarse gravel and cobbles with few rock 
outcrops and tide pools. A highly dissected fringing marsh is also 
present. 

IV. Seapoint (SP), Kittery. A semi-exposed spit of land on the seaward 
side of Cutts Island that experiences anthropogenic trampling year- 
round. The substrata are composed of rock outcrops, scattered boulder 
fields, sand, and cobbles; many tide pools are present at different 
elevations. The upper littoral zone slope changes with extensive 
seasonal sand deposition and erosion. 

V. Sisters Point (SISP), Gerrish Island, Kittery. A semi-exposed site; 
substrata of boulders, cobbles, and scattered rock outcrops. 

VI. Sewards Cove (SC), Gerrish Island, Kittery. A semi-exposed site; 
substrata the same as Sister’s Point. 

VII. Fort Foster (FF), Gerrish Island, Kittery. An outermost estuarine site 
(ca. 0.1 km inland) on the Piscataqua River, northeast of Wood Island. 
The substrata consist of scattered rock outcrops, boulders, cobbles, 
fragmented shale, and scattered frineine marshes. 


i 


BRAVE BOAT HARBOR (Figure 3) 

Main Tidal Channel (i.e., between BBHN and BBHS). The northern side 
of the main channel is in York, while the southern side is in Kittery (km = 
distance inland from mouth). 

1. York side of outer harbor (0.1 km). Cobbles and pebbles are present, 
plus a small, highly dissected fringing marsh. 

York side of outer harbor (0.3 km). Situated near a sandy embayment 
(a flood tidal delta), downstream from old bridge pilings. Beds of blue 
mussels (Mytilus editlis) are present, as well as scattered small rocks 
and an expansive high salt marsh habitat. The latter shows extensive 
slumping. 

3. Kittery side of outer harbor on Cutts Island (0.37 km) behind a coastal 
berm that forms a sandy embayment (a flood tidal delta). There are 
high and fringing marshes, scattered bedrock, and an extensive boulder 
field with a sharp slope (ca. 70°). At low tide, fresh water runoff from 
the high marsh flows into the central channel and out to the sandy 
embayment. 

4. Kittery side of outer harbor (0.38 km). Upstream from a set of old 
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bridge pilings and near the mouth (W side) of tributary #1, which 
delineates Cutts Island. 

5. Kittcry side of outer harbor on Cutts Island (0.39 km). Next to a set of 
old bridge pilings and near the mouth of tributary #\. The pilings 
provide an excellent substratum for seaweeds and are located in an area 
of tidal currents. Deep pools support a variety of seaweed taxa. 
Extensive slumping and erosion of the marsh is evident. 

6. York side of outer harbor (0.40 km). There is a fringing marsh, located 
within a sandy embayment (a flood tidal delta) on the backside of a 
coastal berm. 

7. York side of outer harbor near old bridge pilings (0.42 km). 

8. Kittery side of outer harbor (0.48 km). The site is located on Cutts 
Island behind a coastal berm within a sandy embayment (a flood tidal 
delta). 

9. Kittery side of harbor (0.65 km). The high marsh has slumped and 
exposed the remains of old wooden pilings and tree stumps, providing 
habitats for various seaweeds. The tidal slopes and channels are muddy 
with a little sand. 

10. York side of harbor near the mouth of a small embayment (0.67 km). 

1 1. York side of harbor near the mouth of a small tributary (0.85 km). 

•r 

12. Kittery side of harbor just upstream from the mouth of a small 
tributary (0.86 km). 

13. Kittery side of harbor just downstream f rom the mouth of tributary #3 
(1.07 km). A high marsh and tidal mud flat are present. 

14. York side of harbor just downstream from the old bridge pilings at 
Beddell Crossing (1.1 1 km). The channel below the bridge is initially 
narrow, then expands to form a flat bed that contains small boulders, 
cobbles, and gravel, as well as mud, detritus, and limited amounts of 
sand. Algae grow on the gentle slopes and in the channel on rocks. 

This is close to the headwaters of the harbor, and fresh water flows out 
during low' tide, resulting in very low salinities (less than 10 ppt). In 
the winter, the area is usually frozen. 

15. York side of harbor just downstream from tributary #3 and within an 
embayment area (1.23 km). 

16. Kittery side near the old bridge pilings at Beddell Crossing (1.3 km); a 
small tidal rapids flows from a high tide pool. 

17. York side of harbor near the old Beddell Crossing bridge pilings (1.4 
km). 

18. Kittery side of' harbor near the culvert at Brave Boat Harbor Road 
( 1.57 km). 

19. York side of harbor near the culvert on Brave Boat Harbor Road (1.6 
km); a concrete embankment and boulders are present. 

20. York side of inner harbor (1.8 km), on Payne Road just west of Brave 
Boat Harbor Road. 

21. York side of inner harbor just beyond the culvert on Brave Boat Harbor 
Road (1.9 km). 


Tributary #1: The main tributary on the Kittery side of Brave Boat Harbor 
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that delineates Cutts Island. Distances are from the mouth of Brave Boat 
Harbor and Sewards Cove, respectively. 

la. Upstream from site #10 at an embayment on the north side of the 
tributary (0.53 and 4.2 km). 

lb. Upstream from site #10 on Cutts Island (S side) near the first major 
junction (0.91 and 3.8 km); a narrow tidal channel and significant 
currents. 


lc. Upstream from the first major junction on the north side (0.96 and 3.7 
km); a large circular channel is present merging into high pools. 

l d. The second major junction on the south side (1.46 and 3.5 km); a tidal 
channel with strong currents and contiguous salt marsh. 

le. An inner riverine site on the north side with a narrow channel near a 
branch of the second major junction (1.46 and 3.23 km). 

1 f. A narrow channel on the north side with a tributary at the end of the 
second major junction near Brave Boat Harbor Road (1.52 and 3.17 
km). 


l g. The third major junction (1.55 and 3.14 km); a tidal channel with 
strong currents falling in both directions (see text), plus contiguous salt 
marshes. 

lh. The end of a small meandering channel near Brave Boat Harbor Road 
(1.75 and 2.94 km); a contiguous high marsh is present. 

li. Approximately 0.17 km from Seapoint Road (1.83 and 2.9 km); a 
narrow channel with strong tidal currents, plus adjacent high marsh. 

lj. The bridge culvert on Seapoint Road; strong tidal currents, excellent 
rocky substratum and a fringing marsh are present (2.0 and 2.27 km). 


Tributary #2: The second major tributary, and the only one located on the 
York side of Brave Boat Harbor. Distances (km) are from the mouth of the 
Harbor. 

2a. Approximately 0.23 km upstream from site #15 off the main Harbor 
channel (1.5 km); a tidal channel with a contiguous high salt marsh. 

2b. Approximately 0.47 km upstream from site #15 off the main Harbor 
channel (1.74 km); an upper tidal channel with fresh water discharge. 


Tributary #3: The third major tributary, and the second one located on the 
Kittery side of Brave Boat Harbor. Distances (km) are from the mouth of 
the Harbor. 

3a. Approximately 0.06 km upstream from the mouth of tributary #3 on 
the west side (1.26 km). 


3b. Directly across from #3a (1.3 km) on the east side. 

3c. Approximately 0.23 km upstream from the mouth of tributary #3 on 
the west side at the first major junction (1.5 km). 

3d. The west side of tributary #3 near Brave Boat Harbor Road (1.82 km); 
an upper tidal channel with fresh water drainage. 


Tributary #4: Chauncey Creek and contiguous salt marshes separating 
Gerrish and Cutts Island, Kittery. Distances (km) from Sewards Cove. 
4a. At the junction of Seapoint Road and the bridge crossing Chauncey 
Creek to Gerrish Island (2.4 km); a shady, narrow channel, with 
scattered boulders. 
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4h. Approximately 0.15 km east of Seapoint Road bridge, near an old 
retaining wall or dam (2.48 km); strong tidal currents and contiguous 
mudflats and fringing marshes. 

4c. A transition from a broad tidal mudflat to a narrow channel; this is a 
mudflat with scattered pebbles and a contiguous salt marsh (3.2 km). 

4d. Near an oxbow and a major tidal junction (3.5 km); a narrow vertical 
channel with contiguous high marshes is present here. 

4e. At the end of the northernmost tidal channel east of site #4d (4.0 km); 
a narrow vertical channel with contiguous high marshes. 

4f. At the end of the southernmost tidal channel east of site #4d (3.9 km); 
a vertical tidal channel with a contiguous upper salt marsh. 

4g. A inner salt marsh located behind a conspicuous coastal berm near 
Seapoint Beach just east of site #4e (4.21 km). 


